I. Introduction
Excessive release of heavy metals into the environment due to industrialization and urbanization has posed a great problem worldwide [1] . Unlike organic pollutants, the majority of which are susceptible to biological degradation, heavy metal ions like chromium, lead, arsenic copper, cadmium and nickel do not degrade into harmless end products [2] . Heavy metal contamination exists in aqueous wastes of many industries, such as metal plating, mining operations, tanneries, radiator manufacturing, smelting, alloy industries and storage batteries industries.
Lead is an element of concern because of its ability to bio-magnify, bio-accumulate and its high toxicity even at low concentrations [3] . Generally, lead has been reported to cause renal dysfunction, hypertension, lung complications and bone lesions [4] Further, exposure to lead may result in, autism, psychosis, allergies, dyslexia, hyperactivity, paralysis and even death [5] .
Studies by [6] and [7] shows that treated wastewater is a major component of water resources required for addressing the needs of a growing economy. However, the greatest challenge in wastewater treatment is the adoption of low cost wastewater treatment technologies that maximizes the efficiency of wastewater treatment while ensuring compliance with health and safety standards [8] . The commonly used processes in wastewater treatment include coagulation, filtration with coagulation, precipitation, ozonation, adsorption, ion exchange, reverse osmosis and advanced oxidation [4] .These processes have serious limitations which include; being costly, inefficient in removing pollutants and, generation of more sludge posing a problem in terms of disposal [9] .
Studies on the treatment of effluent bearing heavy metal have revealed adsorption to be a highly effective technique for the removal of heavy metal from waste water and activated carbon has been widely used as an adsorbent. Despite its extensive use in the water and wastewater treatment, activated carbon remains an expensive material. In recent years, the need for ecofriendly and economical materials for the elimination of heavy metals from contaminated waters has necessitated research interest towards the production of low cost alternatives to commercially available activated carbon.
Mangroves are woody plants that grow in the inter-tidal areas between land and sea in the tropic and subtropical latitudes [10] . Mangroves are unique plants because of their ability to concentrate pollutants such as toxic chemicals, metal ions, pesticides and herbicides [11] .Mangroves have also been used for phytoremediation of heavy metal pollution, thus earning a reputation of being a sink for heavy metals [12] . Therefore, the current study will utilize mangrove roots from Kenyan Coast as the appropriate adsorbent for the removal of lead from aqueous solutions.
II. Materials and Methods

Mangrove roots collection and preparation
Mangrove roots were collected from Dongo Kundu in Mombasa County, Kenya. The roots samples were washed with distilled water to remove soil and soluble particles. Cleaned roots samples were then oven dried at 80 0 C for 24 hours in order to obtain biomass in completely dried form. The dried mangrove samples were then ground into fine powder using mechanical grinder after which the powder was soaked and washed severally with both cold and hot tap water until clean. Cleaned mangrove roots powder was then soaked for 24 hours in cold distilled water, washed thoroughly and then dried in an oven at 80 0 C for 24 hours. Dried roots sample were finally sieved into different particle sizes of < 300μm, > 300 < 425μm and >425μm and stored in plastic containers awaiting adsorption experiments.
Reagents
All reagents used were of analytical grade. Stock solutions of 1000 mg/L were prepared by dissolving 1.6066 g of lead (II) nitrate in double distilled water. Working solutions of lead (II) nitrate were prepared by appropriate dilutions of stock solutions. Adjustments of pH were made using 0.1M hydrochloric acid and 0.1M sodium hydroxide. Sodium hydroxide (0.1 M) solution was prepared by dissolving 4.0g in double distilled water while hydrochloric acid (0.1 M) solution was made by dissolving an appropriate amount of 12M concentrated acid (Aldrich Company) in double distilled de-ionized water.
Instrumentation
All pH measurements were made using Exstik II EC 250 pH/conductivity/TDS meter. A test sieve (Retsch 5657) was used to separate the ground sample into different sizes. A thermometer and an incubator (model Gallenkamp orbital incubator) were also used to monitor the effect of temperature on the adsorption. Solutions were constantly agitated using an orbital shaker (Maximix Type 65800, Thermolyne) for all the experiments except the experiment involving temperature where the Gallenkamp orbital incubator was equipped with a shaker. Gravity filtration was done through micro filter with 0.47 um pore size and a stop watch was also used to monitor time. A mechanical grinder was used for grinding while an analytical balance (Fisher scientific A 160) was used for all weight measurements. Residual and initial concentrations of lead ions were determined using atomic absorption spectrophotometer (CTA 2000 AAS). Volumetric flasks (1000, 2000, 500, 250, 100, 50, 25 and10 mL) were used in preparations and dilutions of the solutions while propylene bottles were used for conducting the experiments.
Batch Adsorption Experiments
Batch experiments were conducted using 60 ml propylene bottles to which metal ions solution and biomass were added. These bottles were agitated in an orbital shaker at a constant speed of 200 rpm to study the effect of parameters such as pH, adsorbent dosage, initial lead ion concentration, contact time and temperature. Samples were withdrawn at appropriate time intervals and filtered. The filtrates were used for analysis of the residual lead ions concentration using an atomic absorption spectrophotometer (AAS). The percentage of lead ions removed was calculated from the differences between the initial (C 0 ) and equilibrium (C e ) lead (II) ions concentration which is given by the equation. In order to determine optimum adsorption (i.e. amount of lead ion adsorbed per unit mass of mangrove roots), 30 mL portions of lead solutions were dosed with different amounts of mangrove roots biomass and placed on an orbital shaker set at a predetermined speed and for predetermined equilibration time. The kinetics of adsorption was determined by analyzing adsorptive uptake of lead ions from the aqueous solutions at different time intervals. Adsorption isotherms were also computed using adsorption data obtained when different metal ion concentrations were used on fixed amounts of mangrove biomass at equilibrium.
Adsorption Isotherm Models
Batch Adsorption isotherms for lead ions by mangroves roots were expressed in terms of Langmuir and Freundlich adsorption models. The Langmuir model assumes a monolayer adsorption of solutes onto a surface comprised of a finite number of identical sites with homogeneous adsorption energy [3] . This model is expressed as follows: 
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Where: q e is the amount of solute adsorbed per unit weight of adsorbent (mg/g), C e the equilibrium concentration of solute in the bulk solution (mgL -1 ), Q max the monolayer adsorption capacity (mgg -1 ) and b is the Langmuir constant which reflects the binding strength between metal ions and adsorbent surface (Lmg -1 ). The Freundlich isotherm is an empirical expression that takes into account the heterogeneity of the surface and multilayer adsorption to the binding sites located on the surface of the adsorbent. The Freundlich model is expressed as follows
Where: q e is the amount of solute adsorbed per unit weight of adsorbent (mgg -1 ), C e the equilibrium concentration of solute in the bulk solution (mgL -1 ), K F a constant indicative of the relative adsorption capacity of the adsorbent (mgg -1 ) and the constant 1/n indicates the intensity of the adsorption. n is considered as the heterogeneity of the adsorbate and its affinity for the adsorbent.
Adsorption kinetic studies
The kinetics of lead metal adsorption onto the mangrove roots biomass was predicted using pseudofirst-order and pseudo-second-order models. Pseudo-first-order model is used to describe the reversibility of the equilibrium between solid and liquid phases [13] . The model also assumes that the metal cation binds only on one sorption site on the sorbent surface. The pseudo-first-order model is expressed by the equation shown below.
Where: q e and q t are the amounts of heavy metal adsorbed (mg g -1 ) at equilibrium and at the time (t min) and k 1 is the rate constant of the pseudo-first-order adsorption process (min -1
). Linear plots of log (q e -q t ) versus t are used to predict the rate constant (k 1 ) and adsorption at equilibrium (mg g -1 ), which are obtained from the slope and intercept respectively. The pseudo-second-order equation assumes that the rate limiting step might be due to chemical adsorption. According to this model, metal cations can bind to two binding sites on the adsorbent surface. The equation can be expressed as shown below. 
  (5)
Where: k 2 is the rate constant of the pseudo-second-order adsorption (gmg -1 min -1 ). If the adsorption kinetics obeys the pseudo-second-order model, a linear plot of t/q t versus t can be observed. The slope of the plot will give the value of calculated adsorption at equilibrium (q e calc), while the intercept gives the value of the rate constant (k 2 ).
III. Results and Discussions
Effect of equilibration time and initial concentration on adsorption of Pb (II) ions
The percentage of lead adsorbed at varying contact time keeping other parameters constant is presented in Fig. 1 below. According to the Figure, at lower initial Pb (II) ion concentration (50 ppm) the % adsorption was very high even attaining the 96 % mark within 5 minutes of contact time. At high concentration of 1000 ppm, a reduced adsorption (69 %) was observed within the same contact time of 5 minutes, and even after the set 55 minutes (81.7 %). This implied that upon contact of the biomass with the lead ions, the metal ions were rapidly taken up by the mangrove roots biomass. As shown in Fig. 1 , adsorption increased rapidly with time and then reached a point where there was no change in adsorption with increase in contact time. The initial fast adsorption could be explained also through physical adsorption since adsorption phenomenon characteristically tends to attain instantaneous equilibrium. The number of active sites in the system was fixed and each active site could adsorb only one ion in a monolayer therefore metal uptake by the sorbent surface was rapid initially and then decreased as the availability of active sites decreased thus slowing down the transfer of metal ion from solution to the adsorbent surface. [14] stated that adsorption sites at equilibrium are saturated; therefore cannot adsorb any more of the metal ions. [15] reported that removal of Cr (VI) ions from aqueous solution using activated carbon increased with contact time and obtained a saturation point at 90 minutes.
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Effect of weight of adsorbent and particle size on adsorption of Pb (II) ions.
The effect of particle size of mangrove roots on removal of Pb (II) ions was studied using three different sizes (≤300 µm, ≥300 ≤425 µm and ≥ 425 µm). Fig. 2 shows the percentage removal of Pb 2+ ions from aqueous solutions as a function of weight of mangrove roots of three different sizes. Fig. 2 , it is evident that there was an increase in the % adsorption with increase in mass for all the particle sizes. The increase in the adsorption was due to the availability of more binding sites for metal ions. The decrease in particle size also had an influence of increasing the % adsorption as the particle size decreased. The smallest particle size i.e., ≤ 300µm gave the highest % adsorption. The smaller the particle size, the larger the surface area exposed to interact with the metal ions in solution. This reaffirms the fact that adsorption takes place via surface mechanism. Increase in surface area meant more binding sites were in contact with the adsorbate. The increase in particle size had a reverse effect of decreasing surface area, reducing number of binding sites hence decreasing the % adsorption.
Similar results were observed by [16] who worked on rice husks and [17] who worked on treated sawdust of sissoo wood. [18] demonstrated that the adsorption of Pb (II) ions increased linearly as the amount of adsorbent (mixture of activated charcoal and peanut shell) increased from 1.0 g to 3.0 g and became constant from 3.0 g to 5.0 g.
Effect of initial concentration of Pb (II) ions on adsorption
The rate of adsorption is a function of initial concentration of metal ions which makes concentration an important factor to be considered for effective adsorption [19] . The experimental data illustrating the effect of initial metal ion concentration on the rate of adsorption of Pb (II) ions onto the mangrove roots biomass is presented in Fig. 3 .
Figure 3: Effect of initial concentration of Pb (II) ions on adsorption mangrove roots
When the initial metal ion concentration was increased from 50 to 100 ppm the % adsorption was almost the same (100 %) for all the masses. However, as the concentration changed from 100 to 600 ppm the % adsorption decreased from 99 % to 91.2 %, 65.6 % and 30 % for 1.0 g, 0.5 g and 0.25 g respectively. When the initial concentrations was increased the % adsorption of the Pb (II) ions decreased.
This could be due to saturation of the active adsorption sites on the mangrove roots at higher concentrations. Metal ions need to migrate to the biomass surface by intra-particle diffusion and greatly hydrolyzed ions diffused at a slower rate [20] , these accounts for the reduction in the percentage adsorption. It can also be seen that an increase in the amount of the mangroves biomass led to an increase in the % adsorption. This could probably be due to the ratio of mass of adsorbent to concentration of the adsorbate. Similar results have been observed by [21] , [22] and [23] .
Effect of temperature on Pb (II) ions adsorption
To determine the effect of temperature, experiments were carried out by varying temperatures from 25 to 70 º C. The results are shown in Fig. 4 . It can be seen from Fig. 4 that the % adsorption at 25 0 C was 92.4 % while at a higher temperature of 60 0 C it was 96.7 %. However, at 70º C the % adsorption dropped slightly to 95.7 %. This indicates that adsorption process is an endothermic reaction, therefore favored by temperatures above room temperatures.
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The increase in metal adsorption with increase in temperature could also be due to dissociation of some compounds available in the adsorbent which may provide more sites for adsorption. Increase in adsorption could also be attributed to increase in number of available active sites or decrease in the boundary layer thickness surrounding the adsorbent.
Adsorption researchers have performed a large number of studies on the effects of temperature on metal uptake. The change in solution temperature affects not only diffusion rate of metal ions but also the solubility of metal ions [24] . Depending on surface functional groups of a given adsorbent, temperature has a given impact on the adsorption capacity. However, it is a common conclusion of many studies that the influence of temperature is to a limited extent and only in a certain temperature range [25] . The adsorption process can be affected by temperature in different ways depending on the exothermic or endothermic nature of the process.
Many researchers have reported that adsorption processes are endothermic in nature. [24] argued that higher temperatures improve the elimination of heavy metals owing to an increase in its surface activity and kinetic energy. In the same way, [26] also observed that the adsorption of Pb (II) and Cd (II) by the stalk sponge of maize increased 1.1-1.8 times with increasing temperature from 20 to 40 0 C. [27] reported similar observation in case of adsorption of Cu (II) by watermelon shell In contrast, [28] found that the adsorption of Cd (II) by cashew nut shell decreased from 80.13 % to 74.32 % with the rise in temperature from 30 º C to 60 º C. They attributed this to the decrease in surface activity of adsorbent. Similar trend was noticed by [29] in case of Zn (II), Cd (II) and Mn (II) adsorption onto maize stalks. The adsorption percentage decreased from 52 % to 28 % for Zn (II) ions, from 34 % to 16 % for Cd (II) ions and from 39 % to 13 % for Mn (II) ions as the temperature increased from 25 to 55 º C. The authors explained this trend by the damage of active adsorption sites of adsorbents or increasing number of metal ions escaped from the adsorbents surface to the solution. The same behavior can be detected in a research performed by [30] sequestering Cu (II) and Zn (II) ions by Citrus reticulate.
Effect of pH on adsorption of Pb (II) ions
The pH of aqueous solutions is an important controlling parameter in the adsorption process. In order to study the effect of pH on Pb (II) adsorption onto mangrove roots, the pH of solution was varied from 2.0 -8.0. From Fig. 5 , it is observed that the adsorption of Pb (II) varies with pH. There was a gradual increase in Pb (II) uptake as the pH value increased from 2.0 to 8.0. The % adsorption was minimum (53.4) at pH 2.0. This was because the H 3 O + ions were competing with the metal ions for the exchangeable sites on the mangrove roots. The H 3 O + ions were preferentially adsorbed rather than the lead ions. At higher pH values, the numbers of H + ions were few hence the surface was negatively charged. Consequently, the attraction of the cations was enhanced. However, when the pH was increased above 6.0, the Pb (II) ions get precipitated due to the hydroxyl ion forming insoluble lead hydroxide precipitate [31] . Metal speciation in solution is also pH dependent. The results suggest that at pH below 7.0 the predominant species are positively charged metal ions. At pH values higher than 7.0 insoluble hydroxides are formed. Similar results were reported in the literature [3] This implies that the optimal conditions for adsorption of Pb (II) ions onto mangrove roots are weakly acidic conditions.
[32] demonstrated that the optimum pH for the adsorption of Cu and Pb were about 5 which was rather acidic. At low pH (< 3), there was excessive protonation of the active sites at mangrove roots surface and this often reduces the formation of links between metal ion and the active site. At moderate pH values (3) (4) (5) (6) , linked H + is released from the active sites and adsorbed amount of metal ions is generally found to increase. At higher pH values (> 6), the precipitation is dominant or both ion exchange and aqueous metal hydroxide formation (not necessarily precipitation) may become significant mechanisms in the metal removal process. This condition is often not desirable as the metal precipitation could lead to a misunderstanding for the adsorption capacity. Consequently, in practice metal precipitation is generally not a stabilized form of heavy metal as the precipitation can sometime be very small in size, and upon the neutralization of the effluent from the wastewater treatment plant, the solubility of the metals increases resulting in a re-contamination of the waste outlet stream.
Adsorption isotherm studies for Pb (II) ions.
The Pb (II) ions uptake capacity of mangrove roots was evaluated using different concentrations of the metal ions on a fixed mass of adsorbent. The correlation coefficient (R 2 ) was found to be 0.952 for Pb (II) adsorption using Freundlich model. The high value indicated that the equilibrium data fitted well to the Freundlich model, which means that adsorption of the metal ions onto the mangrove roots took place at the binding sites on the surface of the biomass by multilayer adsorption. The adsorption capacity was found to be 1.56 mg of Pb (II) per gram of the adsorbent material. The value of n was found to be 2.381 which mean that the value of 1/n is in the range of 0 to 1 which indicates favorable adsorption under the conditions of study.
Adsorption kinetics of Pb (II) ions
Adsorption kinetics involves the search for a best model that well represents the experimental data. In this study, the adsorption equilibrium data were analyzed using pseudo-first-order and pseudo-second-order models. The prediction of adsorption rate gives important information for designing batch adsorption systems. Fig. 8 shows the plot between amounts adsorbed, Q t (mg/g) versus time t (min) for different initial concentrations. It is evident that metal ions adsorption increased insignificantly as equilibrium was reached. The adsorption at the initial stage could be explained by the availability of a number of vacant active sites on the adsorbent surface. Thus, metal ions accumulated on the adsorbent surface rapidly within the first 5 minutes. In the later stage, adsorption was an attachment controlled process due to less available sorption sites. The pseudo first-order and pseudo second-order model equations were applied to the adsorption data. The results of Figs. 9, 10 and 11 are summarized in Table 2 . The conformity between experimental data and the model predicted values were expressed by the correlation coefficients R 2 (R 2 values close or equal to 1). Relatively high R 2 values indicated that the model successfully described the adsorption kinetics. The R 2 value of pseudo second-order was higher compared to R 2 value of pseudo first order mode. These findings revealed that the pseudo second-order kinetic model provided a good correlation for the adsorption of Pb (II) onto mangrove roots compared to pseudo first order kinetic model. Therefore, the data show a good compliance with the pseudo equation which is based with equilibrium chemical adsorption [33] . [34] reported pseudo second -order kinetics for adsorption of heavy metal ions from industrial effluents using activated carbon derived from waste coconut buttons.
IV. Conclusion
Mangrove roots are environmentally friendly potential adsorbent for lead metal. This work examined the efficiency of mangrove roots in removal of Pb (II) ions from aqueous environment. The results indicated that several factors such as initial solution concentration, initial biomass concentration, pH, contact time and temperature affect the adsorption process. The physico-chemical characteristics of wastewaters from varying sources can be much more complex compared to the aqueous metal solution used in this study. Because of this, removal of other components of wastewater like pesticides, dyes and microorganisms should be studied. In addition, modification of mangrove roots should be carried out to increase adsorption capacity, prevent elution of organic components that stains water and also to increase selectivity in case of wastewater. However, this work can be considered as a preliminary study to conclude that mangrove roots biomass is suitable and efficient material for the adsorption of Pb 2+ ions from aqueous solution. The experimental results fitted well with the adsorption isotherm models.
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